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@ An apparatus and metfiod for accurately and 
rapidly machining a workpiece. particularly for drill- 
ing holes smaller than can be fonnned by other 
methods, by using a high power pulsed Nd:YAG 
laser. A low power HeNe laser is joined to the optical 
path of the high power laser. The colinear beams 
then scan along one axis of the workpiece. The low 



power beam is partially split off to a location deter- 
mining device before final deflection to the work- 
piece. Deflection in a second axis is achieved by 
linearly moving the workpiece so that the beam will 
impinge upon the desired location of the workpiece. 
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FORMATION OF HIGH QUALITY PATTERNS FOR SUBSTRATES AND APPARATUS THEREFOR 



TECHNICAL FIELD 



The invention relates to methods and appara- 
tus for machining a workpiece such as an elec- 
tronic device substrate with the aid of a high en- 
ergy beam. More particularly, in a preferred em- 
bodiment, this invention relates to methods and 
apparatus for accurately and rapidly producing 
holes and other features in an electronic substrate 
which are smaller than those currently attainable by 
other methods. 



DESCRIPTION OF PRIOR ART 



High energy beams {hereafter lasers, although 
it should be understood that other high energy 
beams such as electron beams are also contem- 
plated within the scope of the present invention) 
have been used to machine a variety of workpieces 
and this activity has been widely reported in the 
literature. Examples of using lasers to drill holes in 
electronic substrates are described in U.S. Pat. No. 
4,544.442 and in U.S. Pat. No. 4.789,770. An ap- 
paratus combining laser machining with a mechani- 
cal punch is shown in U.S. Patent No. 4.201,905. 

One of the problems with laser drilling is the 
non-uniformity of the hole due to the existence of 
residue from the drilling process in the heat-af- 
fected area. A method of solving this problem by 
using a secondary reaming operation to increase 
the diameter of the hole beyond the heat-affected 
area is disclosed in U.S. Pat. No. 3,696.504. 

A rotary metal removing operation such as 
reaming is not adaptable to extremely small hole 
diameters or high pro duction rates, however. 
These types (small hole diameter or high produc- 
tion rates) of applications require a pulsed, high 
power laser which, if not accurately positioned, can 
improperly machine or ruin the workpiece. Because 
of this pulsing, it is not possible to use the beam to 
determine the machining position, since any possi- 
ble damage will have already occurred by the time 
the position is determined. It is therefore desirable 
for a low energy continuous laser, such as a HeNe 
laser, to be colinear with the high energy laser. By 
using this low energy laser to determine the posi- 
tion of the high energy laser, accurate machining 
can be performed. A control system which allows 
implementation of Uiis idea is described in U.S. 
Pat. No. 3,902,036. Use of a similar control system 
for opthalmic applications in described in U.S Pat. 
No- 4,520,816. 



In the current manufacture of multilayer ce- 
ramic (MLC) substrates for integrated circuit semi- 
conductor package structures, a plurality of green 
ceramic sheets is formed by doctor blading a slur- 

5 ry containing a resin binder, a particulate ceramic 
material, solvents, and a plasticizer. drying the doc- 
tor btaded sheet and cutting it into appropriate 
sized sheets. Via holes are then mechanically 
punched for forming electrical interconnections 

10 through the sheet. Electrically conductive paste is 
deposited in the holes, and in appropriate patterns 
on the surface of the sheets, the sheets stacked 
and laminated, and the assemb^-cubsequently fir- 
ed at an appropriate sintering t^perature. Punch- 

J5 ing the via holes in ceramic sheets presents for- 
midable engineering problems in view of the small 
size, high density, and the complex patterns of the 
via holes. Apparatus used to perform these oper- 
ations are described in IBM Technical Disclosure 

20 Bulletin (TDB) Vol. 13, No. 4, Feb 13. 1971 P. 
2536; IBM TDB Vol. 16. No. 12, May 1974 p,3933; 
IBM TDB Vol. 20, No. 4. Sept. 1977 P. 1379; and 
U.S. Pat. No's. 4.425.829; 3,730,039; and 
4,821,614, the disclosures of which are incorpo- 

25 rated by reference herein. 

The mechanical punching technology currently 
used to manufacture MLC substrates has several 
limitations. The aspect ratio of a hole should theo- 
retically be no less than one, that is the diameter 

3D Should not be less than the thickness of the sheet 
to be punched. As the miniaturisation of electronic 
devices continues, the requirement that smaller via 
holes be used increases. A certain minimum sheet 
thickness is necessary, however, for the mechani- 

35 cal integrity of the structure. 

In addition to requiring smaller diameter holes, 
future electronics devices will require that the holes 
be spaced closer together. Use of a mechanical 
punch at these geometries causes greatly in- 

40 creased embossing of the green sheet, which can 
greatly distort the via pattern. Existing technology 
limits the diameter of holes in MLC substrates to 
approximately 3.5 mils. 

Given the requirement for smaller and more 

45 closely spaced features in MLC substrates, a need 
exists for an apparatus and a method which use 
advanced technology to manufacture substrates 
with the required geometries. This apparatus and 
method must be able to accurately and rapidly 

50 machine features in these substrates in order to 
provide the necessary feature geometries and yet 
remain competitive with existing mechanical de- 
vices such as the multiple-punch apparatus de- 
scribed In U.S. Pat. No. 4,425,829. 

A need also exists for an apparatus and meth- 
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od for verifying that the features machined in the 
workpiece are correctly located. Although a sepa- 
rate apparatus for performing this function has 
been previously described, for example in U.S. Pat 
No. 4,555,798, ^ need exists for an apparatus and 
method which are capable of being integrated into 
the machining apparatus and method. 

BRIEF SUMMARY OF THE INVENTION 



In accordance with the present invention, we 
provide a machining apparatus. More specifically, 
the Invention is a machining apparatus including a 
high energy machining beam, a low energy posi- 
tioning and verifying beam, a means for colinearly 
joining tiie low energy and high energy beams, 
means for rapidly scanning the cofinear beams 
along a first axis, means for translating a workpiece 
along a second axis wherein said second axis is 
orthogonal to said first axis, means for at least 
partially separating the optical paths of the high 
energy and low energy beams, means for deter- 
mining the location at which the high energy beam 
will impinge upon the workpiece and thereafter 
positioning the high energy beam, wherein said 
means comprises utilizing said separated low en- 
ergy beam, and in-process means for verifying the 
accuracy of the machining operation. 

This invention also provides a method for ma- 
chining a workpiece which includes the steps of 
colinearly joining a low energy positioning and veri- 
fying beam and a high energy machining beam, 
rapidly scanning the colinear beams along a first 
axis, translating the workpiece along a second axis 
wherein the second axis is orthogonal to the first 
axis, at least partially separating the tow energy 
beam from the optical path of the high energy 
beam, impinging the portion of the low energy 
beam separated from the high energy beam onto a 
position detector in order to accurately locate and 
position the high energy beam, impinging the high 
energy beam on the workpiece so as to machine a 
predetermined pattern of features on the work- 
piece, and verifying in-process the accuracy of the 
machining operation. 

In addition to a machining apparatus, this in- 
vention also provides an apparatus for verifying 
machining operations. More specifically the inven- 
tion Is a verifying apparatus which includes means 
for generating a beam of light, means for rapidly 
scanning the beam along a first axis, means for 
translating a workpiece along a second axis 
wherein said second axis is orthogonal to said first 
axis, a photocell located proximate to said work- 
piece such that the beam impinges upon said 
photocell, and an electronic circuit that compares 



the location of the impingement of said beam on 
Uie photocell with a predetermined location. 

This invention also provides a method for veri- 
fying the accuracy of a machining operation which 

5 includes generating a beam of light, rapidly scan- 
ning the beam along a first axis, translating a 
workpiece along a second axis wherein said sec- 
ond axis is orthogonal to said first axis, locating a 
photocell proximate to said workpiece such Uiat the 

10 beam impinges upon said photocell, and compar- 
ing the location of the impingement of said beam 
on the photocell with a predetermined location, 
using an electronic circuit. 

T5 

BRIEF DESCRIPTION OF DRAWINGS 

In the accompanying drawings forming a ma- 

20 terial part of this disclosure. 

FIG. 1 Is a perspective view of the overall ap- 
paratus of the invention including the general 
relationship between the laser system, the con- 
trol system, and the workpiece and associated 

26 translation device. 

FIG. 2 is a block diagram illustrating the function 
of the conb'ol system along with the pertinent 
components of the optical system. 
FIG. 3 illustrates the different wavelengths of 

30 machining bea.ms which can be produced using 
a common Nd:YAG laser. 
FIG. 4 is cross-sectional view of a system which 
combines a laser and mechanical operation to 
produce a uniform hole. 

35 FIG. 5 is a cross-sectional view of a hole pro- 
duced by successive pulses of a laser. 
FIG. 6 is a perspective view of a two-dimen- 
sional pattern formed on a workpiece using dif- 
ferent focal length beams. 

40 

DETAILED DESCRIPTION OF THE INVENTION 



45 Referring to the drawings in more detail and 
particularly referring to Figure 1 . there is shown the 
machining apparatus 1 according to the present 
invention. The machining apparatus 1 comprises a 
means for generating a high energy machining 

50 beann of pulsed or continuous nature and a means 
for generating a low energy positioning and verify- 
ing beam. For the purposes of the present inven- 
tion, the preferred high energy beam is a NdiYAG 
laser 10 and the preferred low energy beam is a 

55 HeNe laser 25. It should be understood, of course, 
that this choice of lasers is not meant to be ex- 
haustive as there are other combinations of lasers 
and beams which will adequately fulfill the objects 
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of the present invention. Including multiple lasers 
suitably multiplexed. 

Next, the machining apparatus comprises a 
means for colineariy joining the low energy posi- 
tioning and verify ing beam and the high energy 
machining beams. The preferred means is a dich- 
roic mirror 30. 

An important aspect of the present invention is 
a means for rapidly scanning the colinear beams 
along a first axis. The importance of the scanning 
means will become more apparent hereafter. As 
shown in Rgure 1, the preferred scanning means is 
a rotating polygonal mirror 35. 

Also provided is a means for translating a 
workpiece along a second axis. This translation 
means is translation device 61. The second axis is 
orthogonal to the first axis. 

The machining apparatus 1 further comprises a 
means for at least partially separating tho optical 
paths or the high-energy machining beam and the 
low energy positioning beam. In the present inven- 
tion, the separating means is dichroic mirror 45. 

Another feature of the present invention is a 
means for determining the location at which the 
high energy machining beam will impinge upon the 
workpiece and thereafter positioning the high en- 
ergy machining beam. This determining means 
comprises utilizing the separated low energy posi- 
tioning and verifying beam, as separately de- 
scribed above. The determining means includes 
photodetector unit 50 and computer 65. Finally, the 
machining apparatus comprises an in-process 
means for verifying the accuracy of the machining 
operation. This verifying means includes strip 
photodetector 60 in conjunction with computer 65. 

As shown in FIG. 1. a bench or table 5 sup- 
ports several components of the apparatus, includ- 
ing a Nd:YAG laser 10. a HeNe laser 25, a rotating 
polygonal mirror 35, dichroic mirrors 30, 45. a 
photodetector unit 50, and a personal computer 65. 
which contains the necessary control circuit ry. The 
base 6 of the bench or table supports the work- 
piece 55, the workpiece translation device 61, and 
the strip photodetector 60. 

The Nd:YAG laser 10 produces a beam 11 with 
a wavelength of 1.06 microns and a diameter of 
approximately 1mm. The beam 11 is pulsed and 
has an average power in the range of approxi- 
mately 3 - 10 W. After exiting the Nd:YAG laser 10 
the beam 1 1 passes through an expander 1 5 which 
performs a collimating function to maintain the par- 
allelism of the beam 1 1 . The HeNe laser 25 pro- 
duces a beam 26 with a wavelength of 0.63 
microns and a diameter of approximately 1mm. 
The beam 26 is continuously powered with a power 
in the range of approximately 1 - 5 mw. The HeNe 
beam 26 also passes through an expander 20 
which performs the same function for the HeNe 



beam 26 as the expander 15 performs for the 
Nd:YAG beam 1 1 . 

After the Nd:YAG beam 1 1 passes through the 
expander 15, it is reflected through an angle of 

5 approximately 180 degrees by mirrors 27, 28 and 
impinges upon and is reflected by dichroic mirror 
30, which acts as a beam joiner. The HeNe beam 
26 impinges upon the opposite side of dichroic 
mirror 30, which is transmissive of the beam of 

;o wavelength 0.63 microns, and is colinearty joined 
with the Nd:YAG beam 11. 

The colineariy joined beams 36. which consist 
of the continuous HeNe positioning and verifying 
beam 26 and pulses of the Nd:YAG machining 

15 beam 11, then impinge upon a device for rapidly 
scanning them along a first axis 62, for example a 
rotating polygonal mirror 35, are reflected 
through a f!at field lens 40, which acts to keep the 
focal point at the proper spatial position, even 

20 though the beams are scanning. The diameter at 
the beam at point at which it impinges upon the 
workpiece {55} may be adjusted by varying the 
beam expander (15) ratio, thus operating the flat 
field lens (40) at a different f-number. 

25 The colineariy joined scanning beams 37 next 

impinge upon an apparatus for separating the 
beams, for example a dichroic mirror 45. The dich- 
roic mirror 45 at least partially transmits the HeNe 
positioning beam 38 and reflects the Nd:YAG ma- 

30 chining beam 39 onto the workpiece 55. The scan- 
ning partially transmitted HeNe positioning beam 
38 then impinges upon a photodetector 50, creat- 
ing a signal which is analyzed by an electronic 
circuit in a device such as a personal computer 65. 

35 By comparing the position of the positioning beam 
38 at a given instant with a desired machining 
location on the workpiece 55, the computer can 
determine when to pulse the machining laser 10, 
as will be explained in more detail hereafter. 

40 Referring to FIG. 2. the apparatus which per- 

forms this positioning function is described in more 
detail. The scanning positioning beam 38 enters 
the cavity of the photodetector unit 50 and passes 
through a grating 46 before impinging upon a pho- 

45 toelectric device 51. This creates an approximately 
sinusoidal signal 66 at a frequency of approxi- 
mately 200 khz which con-esponds to a sequence 
of discreet positions in the first axis 62 across 
which the positioning beam scans. The 200 khz 

50 signal 66 is processed in a phase lock loop 67. 
creating a 2 Mhz signal 68. This signal 68 is the 
input to an upcounter 69, the output of which is 
compared by comparator 70 with a binary number, 
correspoDding with the desired machining location, 

55 previously loaded into memory 71. When the up- 
counter 69 output matches the number in memory 
71 the comparator 70 will produce an output 73 
which triggers the Nd:YAG laser, which will then 
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fire, so that the machiiing beam 39 impinges upon 
the workpiece 55 in the proper location. The output 
73 of the comparator 70 is also an input to upcoun- 
ter 72, which then sends an increment address 
signal to memory 71. causing it to load the binary 
number corresponding to the next desired machin- 
ing location. 

The workpiece 55 can be translated along the 
second axis 63. which is orthogonal to the first axis 
62 by a mechanical device, for example translation 
table 61. This translation can be performed after a 
pre-determined numtier of pulses have been fired 
by the Nd:YAG laser or after a verifying device has 
determined that the appropriate features have been 
machined along the first axis 62 for a given location 
on the second axis 63. This verifying device is an 
Integral part of the laser machining system, but can 
also be a separate article of commerce. The em- 
bodiment shown in FIG. 1 incorporates the verifier 
into the machining system. 

The block diagram of FIG. 2 also depicts the 
operation of the verifier. When a hole or other 
feature is machined in workpiece 55, the beam 39, 
a combination of the machining beam and the 
partially reflected positioning and verifying beam, 
impinges upon the strip photodetector 60. In this 
preferred embodiment the photodetector is located 
beneath the workpiece, but it can be located else- 
where, with the beam 39 impinging on it through 
suitable reflective means (not shown). This may be 
essential if a particular machining operation does 
not require features to be machined through the 
thickness of the workpiece 55. The output 74 of the 
photodetector strip 60, which indicates where a 
feature is actually machined, is then an input to an 
AND device 75. along with the output 73 of com- 
parator 70, which indicates where a feature should 
be machined. If these two signals 73, 74 cor- 
respond, the AND device will have an output, veri- 
fying that a feature has been machined In a proper 
location. 

Several features will typically be required to be 
machined along the first axis 62 for a given location 
of the second axis 63. As the machining and verify- 
ing beams 39 proceed along the first axis 62, 
verifying the machining of each desired feature as 
described above, the output of the AND device 75 
is stored in counter 76. The required number of 
machining operations for this location of the second 
axis 63 is input from the memory 71 into the 
counter 76. When the actual number of operations 
is equal to the required number of operations, the 
counter 76 activates the workpiece translation con- 
troller 77. which activates the translation table 61, 
moving the workpiece 55 to the next position along 
the second axis 63. 

One of the primary functions of the machining 
apparatus and method heretofore described is to 



drill a plurality of small, closely spaced holes. Re- 
ferring to FIG. 1. the diameter of the hole can be 
easily adjusted by adjusting the expander 1 5 which 
determines the diameter at which the machining 

5 beam 11 will impinge upon the workpiece 55 by 
adjusting the optical system's f-number. Holes 
smaller than 0.5 mil In diameter can be drilled in 
this manner. This can be compared with the 
present mechanical punching technology which is 

10 limited to a minimum hole size of approximately 
3.5 mil. 

Where a consistent hole diameter and lack of a 
heat-affected zone are primary concerns, the sys- 
tem can also be used. Referring to Fig. 5. the 

75 workpiece 55 is successively machined 81 , 82, 83, 
84 by a series of successive pulses. This method 
assures a CDnsistent, high qualiti^te. 

Figure 4 shows another method and apparatus 
for achieving a consistent, high quality hole. A hole 

20 58. which is smaller than the diameter ultimately 
desired, is drilled by the laser in the workpiece 55. 
The hole 58 may extend partially or completely 
through the workpiece 55. A mechanical punch 56 
and die 57 are then used to achieve the final 

25 diameter 59. Holes produced in this manner solve 
the prior art problem of embossing the workpiece 
55 and have no heat-affected zone, although they 
cannot be produced with as small a diameter as a 
hole manufactured using only a laser, as previously 

30 described. 

The described apparatus and method can also 
be used to machine features in a substrate other 
than holes. Refemng to Rg. 6, a feature is shown 
machined in the workpiece 55 which is slotted 

35 along the directions of both the first axis 62 and the 
second axis 63. A slot 41 parallel to the first axis 
62 Is achieved by stepping the machining beam 39 
along all necessary points In the first axis 62 at a 
given position of the second axis 63. A slot parallel 

40 to the second axis 63 Is achieved by machining a 
single feature at a given first axis 62 and second 
axis 63 position, translating the workpiece 55 to the 
next second axis 63 position, machining again at 
the same first axis 62 position such that the second 

45 machined feature overlaps the first machined fea- 
ture, and continuing this sequence until the entire 
slot is machined. Slots 42. 43 are produced in this 
manner. As previously described, features of var- 
ious shapes and sizes may be produced on a 

50 given worltpiece 55, by varying the size of the 
machining beam 39, using the beam expander 15, 
shown in FIG. 1 . 

Although the present invention has been de- 
scribed in terms of machining operations, it can 

55 also be deposit material. For example, the inventor 
can be used for laser chemical metal vapor deposi- 
tion in an evacuated vacuum chamber. 

Referring to Figures 1 and 2, the scanning 
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positioning beam 38 scans faster than the machin- 
ing beam 39 can optimally fire. A data sort in the 
personal computer 65 breaks an individual scan 
line into data points which are separated by a 
minimum distance, as detemiined by the optimum 
, laser pulse rate. For example, if the scan rate is 1 
in/ms and the optimum pulse rate is 5 Khz (200 
usec/pulse). then the minimum distance between 
holes would be 0.2 in. The persona! computer 65 
would then sort the data so that consecutive holes 
that are impinged upon by the beam 39 would be 
at least 0.2 in apart. Holes that fall within this 0.2 in 
distance would be drilled on successive first axis 
62 passes at a given second axis 63 location. In a 
similar manner, beam 39 may make successive 
passes along first axis 62 if multiple laser pulses 
are required, or desired, for each hole. 

To be able to machine a variety of workpiece 
55 materials, it is desirable to be able to modify the 
wavelength of the machining beam 1 1 . Referring to 
• FIG. 3, the internal components of the Nd:YAG 
laser 10 are shown, in its primary wavelength con- 
figuration, shown in FIG. 3{A). the laser 10 consists 
of a Nd:YAG cw arc lamp pumped cavity 80, a 
front mirror 14, a rear mirror 12. and two apertures 
13. The wavelength of the beam 11 produced is 
1.06 urn, suitable for machining materials such as 
ceramic green sheets for electronic substrates. An 
alternate configuration, shown in FIG. 3(B). pro- 
duces a beam with a wavelength of 0.532 um. This 
configuration is achieved by inserting a crystal 16, 
composed of either Lithium iodate or Potassium 
Titanyl Phosphate, between the front mirror 1 4 and 
the front aperture 13. Another alternate configura- 
tion is shown in FIG. 3(C). The beam 83 passes 
through a Potassium Titanyl Phosphate crystal 16. 
located between the front aperture 13 and the front 
mirror 14. and then through a Beta-Barium-Borate 
crystal 17. located in front of the front mirror 14, 
and is separated into two components, one with a 
wavelength of 0.532 um and one with a wavelength 
of 0.266 um. The two component beam 89, then 
passes through a dichroic mirror 18. which trans- 
mits the 0.532 um beam 87 and reflects the 0.266 
um beam 88. The 0.266 um beam 88 is of particu- 
lar importance in the machining of polyimide, an 
important insulating coating for elecb'onic sub- 
strates. It can also be used to machine other di- 
electric materials such as teflon, epoly fiberglass, 
or other polymeric materials. 

With the teaching of the present invention, fur- 
ther modification of the wavelength of the machin- 
ing beam 1 1 Is possible. 

While the invention has been illustrated and 
described with reference to preferred embodiments 
thereof, it is to be understood that the invention is 
not limited to the precise construction herein dis- 
closed and the right is reserved to all changes and 



modifications coming within the scope of the inven- 
tion as defined in the appended claims. 

5 Claims 

1 . A machining apparatus comprising: 

means for generating a high energy machining 

beam; 

10 means for generating a low energy positioning and 
verifying beam; 

means for colinearly joining the low energy posi- 
tioning and verifying and the high energy machin- 
ing beams; 

15 means for rapidly scanning the colinear beams 
along a first axis; 

means for at least partially sedating the optical 
paths of the high energy machining and low energy 
positioning and verifying beams; 

20 means for determining the location at which the 
high energy machining boam will impinge upon the 
workpiece and thereafter positioning the high en- 
ergy machining beam, wherein said determining 
means comprises utilizing said separated low en- 

25 ergy positioning and verifying beam; and 

means for translating a workpiece along a second 
axis wherein said second axis is orthogonal to said 
first axis; and 

in-process means for verifying the accuracy of the 

30 machining operation. 

2- The apparatus of claim 1 wherein the high 
energy machining beam comprises a Nd:YAG laser 
and the low energy positioning and verifying beam 
comprises a HeNe laser. 

35 3. The apparatus of claim 1 wherein the high 
energy machining beam is used to drill holes hav- 
ing a diameter smaller than about 3.5 mils. 
4. The apparatus of claim 1 further comprising 
means for varying the wavelength of the high en- 

40 ergy machining beam, said means inserted be- 
tween the high energy machining beam and the 
means for colinearly joining the high energy ma- 
chining and low energy positioning and verifying 
beams. 

45 5. The apparatus of claim 1 wherein said high 
energy machining beam is used to drill a hole of a 
first predetermined dimension at least partially 
through the workpiece and further comprising a 
mechanical punch which enlarges said hole to a 

50 second predetermined dimension. 

6. The apparatus of claim 1 wherein said scanning 
means comprises a polygonal mirror. 

7. A method for machining a workpiece which 
comprises the steps of: 

55 colinearly joining a low energy positioning and veri- 
fying beam and a high energy machining beam; 
rapidly scanning the colinear beams along a first 
axis; 
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translating the workpieca along a second axis 
wherein the second axis is orthogonal to the first 
axis; 

at least partially separating the low energy position- 
ing and verifying beam from the optical path of the 5 
high energy machining beam; 
impinging the portion of the low energy positioning 
and verifying beam separated from the high energy 
machining beam onto a position detector in order 
to accurately locate and position the high energy io 
machining beam; 

Impinging the high energy machining beam on the 
workpiece so as to machine a predetermined pat- 
tern of features on the workpiece; and 
verifying in-process the accuracy of the machining 75 
operation, 

8. The method of claim 7 where the step of Imping- 
ing the high energy machining beam on the work- 
piece comprises drilling holes having a diameter 
smaller than about 3.5 mils. 20 

9. The method of claim 7 wherein the step of 
impinging the high energy beam on the workpiece 
comprises optimizing the Impinging of the high 
energy machining beam on the workpiece wherein 

the required quotient between features is less than 25 
the product of the rate at which the high energy 
machining beam scans the workpiece and the opti- 
mum pulse rate divided by the number of pulses 
required per feature, the step of optimizing com- 
prising: 30 
impinging the high energy machining beam on 
features which are equal in spacing to, or greater in 
spacing than said quotient, thereby skipping adja- 
cent features having a required spacing less than 
said quotient; and 35 
stepping the workpiece through successive passes 
until ail features are impinged. 

10. The method of claim 7 wherein a uniform hole 
with a minimum irregularity in the diameter 
throughout the length of the hole is achieved by aq 
using multiple pulses per hole. 

1 1 . The method of claim 7 wherein a uniform hole 
with a minimum irregularity in the diameter 
throughout the length of the hole is achieved by 

first using the high energy machining beam to drill 45 
a hole smaller than the desired diameter at least 
partially through the workpiece. the further step 
comprising mechanically punching said hole to a 
final diameter, thereby removing any residue which 
may exist from the drilling operation. so 

12. The method according to claim 7 wherein the 
step of impinging the high energy machining beam 
on the workpiece comprises generating a channel 
structure in the workpiece by multiply pulsing the 

high energy machining beam along a predeter- 55 
mined path. 
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The S«arcn Oiviswo consioefs in«t (n« present European oatarti application ooes not compfy wim me regutfefnentoi un<[y oi 
invantton tna retatei to several invenoona or groups o( Inventions, 
namely: 



The general problem underlying the invention is not novel 
and a solution to it has already been found or does not 
involve an inventive step having regard to the state of 
the art as illustrated by the documents cited in the 
present search report. 

Therefore, the original single general inventive concept 
is not acceptable anymore, making it necessary to recon- 
sider the technical relationship or interaction between 
the different solutions mentioned. 

This leads to their regrouping under distinct subjects 
as listed below, each subject now falling under its own 
inventive concept, being a solution to the problem in a 
way that differs from the state of the art. 



The researched subject is 
1. Claims 1,7 : 



Claim 



Alignment of A laser beam using 
an other laser. 

Alignment of A laser beam using 
an other laser, the first laser 
being of the type NdiYAG an the 
second HeNe. 



The subjects not researched are : 
Claims 3,5,8,10,11 



2. 
3. 

4. 

5. 



Claim 

Claim 
Claim 



5 
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Id. claim 1 or 7 applied to 
drilling holes. 

Id. claim 1 using means for 
varying first laser wave 
length. 

Id. claim 1 with a scanning 
polygonal mirror. 

Id. claim 7 comprising 
optimizing impinging of first 
beam. 



6. 



Claim 



12 



Id. claim 7 applied generating 
channel structures. 



